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(57) ABSTRACT

A liquid level sensor 1s arranged to sense a quantity of a
liquid within a reservoir. The sensor includes a plurality of
discrete sensing units disposed within the reservoir. Each of
the plurality of sensing units has an output, and the output
has a first value when the sensing unit 1s immersed 1n a liquid
and a second value, diferent {from the first value, when the
sensing unit 1s not immersed 1n a liquid. A signal generator
1s operably electrically coupled to each of the plurality of
sensing units. The signal generator 1s operable to provide an
excitation signal to each of the plurality of sensing units.
Each of the plurality of sensing units 1s operable to provide
the output responsive to the excitation signal.

18 Claims, 3 Drawing Sheets
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1
LIQUID LEVEL SENSOR AND METHOD

TECHNICAL FIELD

This patent generally relates to liquid level sensors, and
more particularly, this patent relates to a discrete liquid level
sensor and a method of sensing a level of a quantity of liquad
within a reservoir of a vehicle.

BACKGROUND

Motor vehicles have any number of reservoirs to contain
operating liquids. Vehicles powered by internal combustion
engines may have reservoirs for engine oil, coolant, brake
fluid, power steering fluid, washer fluid, fuel and like.
Electric and hybrid-electric powered vehicles may at least
include coolant for the energy storage units, washer fluid and
brake fluid among others.

Maintaining proper fluid levels can be essential to reliable
operation of the vehicle. A lack of engine o1l or coolant may
compromise the power unit, a lack of brake fluild may
compromise stopping ability, and a lack of other fluids may
aflect operating characteristics of the vehicle.

Accordingly, 1t 1s desirable to provide a liquid level sensor
that 1s capable of reporting a reliable quantity of a liquid
within a reservoir, and to communicate data indicating the
current liquid level to one or more vehicle controls, nstru-
ments and/or displays. Furthermore, other desirable features
and characteristics of the present disclosure will become
apparent from the subsequent detailed description and the
appended claims, taken in conjunction with the accompa-
nying drawings and the foregoing technical field and back-
ground.

SUMMARY

In accordance with the herein described embodiments, a
liquid level sensor 1s arranged to sense a quantity of a liquid
within a reservoir. The sensor includes a plurality of discrete
sensing units disposed within the reservoir. Each of the
plurality of sensing units has an output, and the output has
a first value when the sensing unit 1s immersed 1n a liqud
and a second value, diflerent from the first value, when the
sensing unit 1s not immersed 1n a liquid. A signal generator
1s operably electrically coupled to each of the plurality of
sensing units. The signal generator 1s operable to provide an
excitation signal to each of the plurality of sensing units.
Each of the plurality of sensing units 1s operable to provide
the output responsive to the excitation signal.

In accordance with another of the herein described
embodiments, a liquid level sensor 1s arranged to sense a
quantity of a liquid within a reservoir. The sensor includes
a plurality of discrete sensing units disposed within the
reservoir. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 15 oper-
able to provide an excitation signal to each of the plurality
of sensing units. Fach of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. Wherein the second value has a maximum value and
the first value has value less than the maximum value.

In accordance with another of the herein described
embodiments, a liquid level sensor 1s arranged to sense a
quantity of a liquid within a reservoir. The sensor includes
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a plurality of discrete sensing units disposed within the
reservolr. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. Each sensing unit may be a piezoelectric device.

In accordance with another of the herein described
embodiments, a liquid level sensor 1s arranged to sense a
quantity of a liguid within a reservoir. The sensor includes
a plurality of discrete sensing units disposed within the
reservoir. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The excitation signal may be arranged to excite the
piezoelectric device of each sensing umit to a resonant
frequency.

In accordance with another of the herein described
embodiments, a liquid level sensor 1s arranged to sense a
quantity of a liquid within a reservoir. The sensor 1includes
a plurality of discrete sensing units disposed within the
reservoir. Bach of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The output of each sensing unit may be coupled to a
processing circuit, the processing circuit may be configured
to provide an output indicative of the quantity of liquid in the
reservotr.

In accordance with another of the herein described
embodiments, a liquid level sensor 1s arranged to sense a
quantity of a liquid within a reservoir. The sensor 1ncludes
a plurality of discrete sensing units disposed within the
reservoir. Hach of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing umits. Each of the plurality of sensing units is
operable to provide the output responsive to the excitation
signal. The sensing units may be arranged within the reser-
volr to indicate a height of liquid within the reservorr.

In accordance with another of the herein described
embodiments, a liquid level sensor 1s arranged to sense a
quantity of a liquid within a reservoir. The sensor 1ncludes
a plurality of discrete sensing units disposed within the
reservoir. Hach of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
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A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The output of each sensing unit may be coupled to a
multiplexer, the multiplexer may be configured to couple the
outputs to a processing circuit.

In accordance with another of the hereimn described
embodiments, a liquid level sensor 1s arranged to sense a
quantity of a liquid within a reservoir. The sensor includes
a plurality of discrete sensing units disposed within the
reservolr. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Fach of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The signal generator 1s operably, electrically coupled
to a multiplexer, an output of the multiplexer being coupled
to each of the plurality of sensing devices such that the
plurality of sensing devices are sequentially provided the
excitation signal.

In accordance with another of the hereimn described
embodiments, a liqud level sensor i1s arranged to sense a
quantity of a ligumid within a reservoir. The sensor includes
a plurality of discrete sensing units disposed within the
reservoir. Hach of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Fach of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The signal generator 1s operable to provide a plurality
of excitation signals and wherein the multiplexer 1s operable
to operably electrically couple one of the plurality of exci-
tation signals to a corresponding one of the plurality of
sensing devices.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liquid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity ol the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing umits has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liquid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing umits has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
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first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The second value has a maximum value and the first
value has value less than the maximum value.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liquid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. Each sensing unit may be a piezoelectric device, and
the excitation signal 1s arranged to excite the piezoelectric
device of each sensing unit to a resonant frequency.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liguid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The output of each sensing unit may be coupled to a
processing circuit, the processing circuit having an output
indicative of the quantity of the liquid in the reservorr.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liguid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing unmits. Each of the plurality of sensing units is
operable to provide the output responsive to the excitation
signal. The processing circuit may be operably electrically
coupled to provide the output indicative of the quantity of
the liquid to a communication interface, the communication
interface operable to communicate the quantity of liquid to
a controller, instrument or display of the vehicle.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liquid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing units has an
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output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 15 oper-
able to provide an excitation signal to each of the plurality
of sensing units. Fach of the plurality of sensing units is
operable to provide the output responsive to the excitation
signal. The sensing units may be arranged within the reser-
voir to indicate a height of the liquid within the reservorr.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liquid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing units has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Fach of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The output of each sensing unit may be coupled to a
multiplexer, the multiplexer operable to couple the outputs
to a processing circuit.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liquid disposed therein 1s
provided with a liqud level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing umits has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 15 oper-
able to provide an excitation signal to each of the plurality
of sensing units. Each of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The signal generator being operably, electrically
coupled to a multiplexer, an output of the multiplexer being
coupled to each of the plurality of sensing devices such that
the plurality of sensing devices are sequentially provided the
excitation signal.

In another non-limiting embodiment, a vehicle including
a reservolr having a quantity of a liquid disposed therein 1s
provided with a liquid level sensor arranged to sense the
quantity of the liquid within the reservoir. The sensor
includes a plurality of discrete sensing units disposed within
the reservoir. Each of the plurality of sensing umits has an
output, and the output has a first value when the sensing unit
1s immersed 1n a liquid and a second value, different from the
first value, when the sensing unit 1s not immersed 1n a liquid.
A signal generator 1s operably electrically coupled to each of
the plurality of sensing units. The signal generator 1s oper-
able to provide an excitation signal to each of the plurality
of sensing units. Fach of the plurality of sensing units 1s
operable to provide the output responsive to the excitation
signal. The signal generator 1s operable to provide a plurality
of excitation signals and wherein the multiplexer 1s operable
to couple operably electrically couple one of the plurality of
excitation signals to a corresponding one of the plurality of
sensing devices.

In another non-limiting embodiment, a method of deter-
mimng a quantity of liquid 1n a reservoir includes providing,
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a plurality of sensing elements arranged within the reservorr.
Each of the sensing elements 1s excited to provide an output.
The output has a first value when the sensing unit is
immersed 1n the liquid and a second value when the sensing
unit 1s not immersed 1n the liquid. The quantity of liquid
within the reservoir 1s determined based upon the outputs of
cach of the sensing unaits.

In another non-limiting embodiment, a method of deter-
mining a quantity of liquid 1n a reservoir includes providing
a plurality of sensing elements arranged within the reservorr.
Each of the sensing elements 1s excited to provide an output.
The output has a first value when the sensing unit is
immersed 1n the liquid and a second value when the sensing
unit 1s not immersed in the liquid. The quantity of liquid
within the reservoir 1s determined based upon the outputs of
cach of the sensing units. Determining the quantity of liquid
within the reservoir may include determining a level of the
liquid within the reservoir

DESCRIPTION OF THE DRAWINGS

The exemplary embodiments will hereinafter be
described in conjunction with the following drawing figures,
wherein like numerals denote like elements, and wherein:

FIG. 1 1s a block diagram illustration of a vehicle,
including a liquid level sensor, in accordance with the herein
described embodiments:

FIG. 2 1s a graphic 1llustration of a liquid level sensor 1n
accordance with the herein described embodiments:

FIG. 3 1s a block diagram of a liquid level sensor in
accordance with the herein described embodiments:

FIGS. 4a-4¢ are graphic illustrations of liquid level sens-
ing eclement arrangements 1 accordance with the herein
described embodiments:

FIGS. 5a-3d are graphic illustrations of liquid level sens-
ing element arrangements 1 accordance with the herein
described embodiments;

FIG. 6 1s a functional block diagram of a liquid level
sensor 1 accordance with the herein described embodi-
ments;

FIG. 7 1s a functional block diagram of a liquid level
sensor 1n accordance with the herein described embodi-
ments; and

FIG. 8 1s a functional block diagram of a liquid level
sensor 1n accordance with the herein described embodi-

ments.

DETAILED DESCRIPTION

The following detailed description 1s merely exemplary in
nature and 1s not mtended to limit the application and uses.
Furthermore, there i1s no intention to be bound by any
expressed or mmplied theory presented in the preceding
technical field, background, brief summary or the following
detailed description. It should be understood that throughout
the drawings, corresponding reference numerals indicate
like or corresponding parts and features. As used herein, the
term system or module may refer to any combination or
collection of mechanical and electrical hardware, software,
firmware, electronic control component, processing logic,
and/or processor device, individually or 1n any combination,
including without limitation: application specific integrated
circuit (ASIC), an electronic circuit, a processor (shared,
dedicated, or group), memory that executes one or more
soltware or firmware programs, a combinational logic cir-
cuit, and/or other suitable components that provide the
described functionality.
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The exemplary embodiments may be described herein in
terms of functional and/or logical block components and
various processing steps. It should be appreciated that such
block components may be realized by any number, combi-
nation or collection of mechanical and electrical hardware,
soltware, and/or firmware components configured to per-
form the specified functions. For example, an embodiment
of the imvention may employ various combinations of
mechanical components and electrical components, e.g.,
integrated circuit components, memory elements, digital
signal processing elements, logic elements, look-up tables,
or the like, which may carry out a variety of functions under
the control of one or more microprocessors or other control
devices. In addition, those skilled 1n the art will appreciate
that embodiments of the present invention may be practiced
in conjunction with any number of mechanical and/or elec-
tronic systems, and that the vehicle systems described herein
are merely exemplary embodiments of the mvention.

For the sake of brevity, conventional components and
techniques and other functional aspects of the systems (and
the individual operating components of the systems) may
not be described 1n detail herein. Furthermore, the connect-
ing lines shown 1n the various figures contained herein are
intended to represent example functional relationships and/
or physical couplings between the various elements. It
should be noted that many alternative or additional func-
tional relationships or physical connections may be present
in an embodiment of the mmvention.

Referring to FIG. 1, a vehicle 1 1s shown to include a fluid
reservoir 12 within which 1s disposed a liquid level sensor
14. The lhiqud level sensor 14 1s operably electrically
coupled to a communication interface 16, which 1n turn, 1s
operably electrically coupled to one or more controllers,
istruments and/or displays within the vehicle 1. The liquid
level sensor 14 1s operable to sense a quantity of liquid (not
depicted) within the reservoir 12 and to provide data indica-
tive thereof. The data indicative of the quantity of liquid 1s
provided to the communication interface 16, from which 1t
1s communicated by conventional wired or wireless tech-
niques, such as direct wire line connection, bus communi-
cation, Internet protocol and the like, to one or more
controllers, instruments or displays 10 within the vehicle 1.

As depicted 1n FIG. 2 and 1n accordance with the herein
described embodiments, the liquid level sensor 14 may be a
discrete sensing device having a plurality of sensing ele-
ments, shown as sensing elements 18(1-7). A number of the
plurality of sensing elements 18(1-7) from no sensing ele-
ments 18(1-») to all of the sensing elements 18(xz) are
immersed 1n a quantity of liquid 20, and sensing elements
18(2-n) are depicted immersed in the liquid 20. Each sensing
clement 18 represents a height (h,_ ) or level of the quantity
of liquid 20 within the reservoir 12. Knowing the cross-
sectional configuration of the reservoir 12 and the level or
height (h,_, ) achieved by the quantity of liquid 20 within the
reservoir 12 as represented by the number of sensing ele-
ments 18 immersed within the liquid 20, 1t 1s possible to
determine a quantity of the liquid 20 within the reservoir 12
as a volume. The liquid level sensor 14 and communication
interface 16 may provide data indicative of the actual
volume of the liqud 20 or indicative of the level or height
(h,_ ) of the liquid 20 within the reservoir 12, or other
suitable data erther directly representing the quantity of the
liquid 20 or from which the quantity of liquid 20 may be
inferred.

In accordance with the herein described embodiments,
and with reference to FIG. 3, each sensing element 18 may
be a piezoelectric device 22 including a drive element 24 and
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a response element 26. A signal generator 28 1s coupled to
the drive element 24. The response element 26 1s coupled to
a processing circuit 30. The piezoelectric device 22, the
signal generator 28 and the processing circuit 30 are coupled
to a common potential or ground potential 32.

The signal generator 28 1s operable to excite the dnive
clement 24 to resonance vibration. In this regard, the signal
generator 28 provides an excitation electrical signal 34, for
example a sinusoidal signal having a frequency (1) and an
amplitude (v), that will cause the drive element 24 to
mechanically vibrate. The response element 26 is closely,
operably coupled to the drive element 24 such that the
response element 26 1s operable to sense the vibratory state
of the drive element 24. The excitation electrical signal 34
1s configured to cause the drive element 24 to mechanically
vibrate at 1ts resonant or natural frequency. Because the
drive element 24 1s driven to resonant vibration, a funda-
mental response of the drive element 24, the signal 34 may
be relatively low power.

In free air, the drive element 24 will vibrate at 1ts resonant
or natural frequency responsive to signal 34. Upon immer-
s1on 1n a fluid, the vibration response of the drive element 24
1s damped. When the sensing element 18 1s 1n free air, and
the drive element 24 1s caused to vibrate at or near its
resonant frequency, an output signal of the response element
26 1s at a maximum 1indicating the vibration of the drive
clement 24 to be at or near its resonant frequency. When the
sensing element 18 1s immersed 1n a fluid, the vibration of
the dnve element 24 1s damped, and an output of the
response element 1s lower, less than 1ts maximum output.
From the output of the response element 26, at 1ts maximum,
or less than 1ts maximum, the processing circuit 30 1is
operable to determine 11 the sensing element 18 immersed 1n
a liquid. From the number (0-2) of sensing elements 18
determined to be immersed 1n liquid, the height (h) (see FIG.
2) of the quantity of liquid 20 within the reservoir 12 1is
determined.

Referring to FIGS. 4a-4¢, a disk-shaped embodiment of a
piezoelectric device 40 suitable for use within a sensing
clement 18 1s depicted. On a first surface 42 of a substrate
44, a drive element 46 1s formed by any suitable forming
technique or method. The substrate 44 1s circular, and the
drive element 46 1s also circular having a diameter slightly
smaller than a diameter of the substrate 44. As depicted 1n
FIG. 4a, response element 52 1s disposed on the drive
clement 46, and may be adapted to be operably electrically
coupled to provide a signal (not depicted) having a maxi-
mum value when a frequency ol vibration of the drive
clement 46 1s at or near resonance, and a signal having a
value less than a maximum value in response to drive
clement 46 not vibrating at resonance as a result of being
immersed in a fluid. The signal of the response element 52
1s coupled to a processing circuit, such as a processing
circuit 30. As depicted 1n FIGS. 45 and 4c¢, 1n alternative to
the response element 52 being formed on the drive element
46, a response element 54 1s formed on a surface 50 opposite
surface 42 of the substrate 44.

Referring to FIGS. 5a-54, a plate-shaped embodiment of
a piezoelectric device 60 suitable for use within a sensing
clement 18 1s depicted. On a surface 62 of a substrate 64, a
drive element 66 1s formed by any suitable forming tech-
nique or method. The substrate 64 1s rectangular, but 1t
maybe be square, triangular, oval, or any suitable shape. The
drive element 66 i1s also rectangular of smaller dimension
than those of the substrate 64.

FIG. 5a depicts a first exemplary embodiment of a
response element 72 disposed on the drive element 66. FIG.
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5b depicts a second exemplary embodiment of a response
clement 74 formed on the surface 62 adjacent the drive
clement 66. FIGS. 5¢ and 54 depict a third exemplary
embodiment wherein the drive element 66 1s larger and
covers most of the surface 62, while a response element 76
1s disposed on a surface 68 of the substrate 64 opposite the
surface 62.

In each exemplary of the embodiments depicted 1n FIGS.
S5a-5d, the response element 72, 74 or 76 1s adapted to be
operably electrically coupled to provide a signal (not
depicted) having a maximum value when a frequency of
vibration of the drive element 66 1s at or near resonance, and
a signal having a value less than a maximum value 1n
response to drive element 66 not being at resonant vibration
as a result of being immersed 1n a flmd. The signal of the
response elements 72, 74 or 76 1s coupled to a detection
circuit, such as a detection circuit 30.

Depending on the type of liquid to be sensed, certain of
which may be corrosive, it will be appreciated that sensing
clements such as those depicted 1n FIGS. 4a-4¢ and 5a-5d
will require construction from suitable materals or protected
by suitable coatings or protected encasements. For example,
brake fluid may be corrosive, while detergent properties of
tuel, o1l, transmission fluid and the like may degrade the
sensing elements over time.

Turning now to FIG. 6, there 1s depicted a first exemplary
embodiment of a liquid level sensor 90. The liquid level
sensor 90 includes a signal generator module 92 that 1s
operably electrically coupled to a plurality of sensing ele-
ments 94 to provide an excitation signal 96. Fach of the
sensing elements 94 has an output signal 98, e.g., an output
of a response element associated with each sensing element
94, that 1s operably electrically coupled to a processing
circuit 100. The output signals 98 have a maximum value
(voltage, frequency, amperage, or the like) when a drive
clement associated with a sensing element 94 1s immersed 1n
a liquid. The output signals 98 have an output value less than
the maximum value when the drive element of the corre-
sponding sensing element 94 1s immersed 1n a fluid.

The processing circuit 100, therefore, 1s operable to
determine which of the sensing elements 94 are reporting a
maximum output value and which of the sensing elements
94 are reporting an output less value than a maximum output
value. From this data, and being configured to know a
physical configuration of the sensing elements 94 within the
liqguid level sensor 90, the processing circuit 100 has an
output 102 indicative of a quantity of liquid within a
reservolr within which the liquid level sensor 90 1s disposed.
The output 102 may be a value representing a level or height
(h) of the liquid within the reservoir. Alternatively, the
output 102 may be a value representing a volume of fluid
within the reservoir. The output 102 1s coupled to a com-
munication interface 104, from which 1t may be communi-
cated by conventional wired or wireless techniques to one or
more controllers, instruments or displays within a vehicle.

FIG. 7 depicts a second exemplary embodiment of a
liquad level sensor 110. The liqguid level sensor 110 1includes
a signal generator module 112 that 1s operably electrically
coupled to a plurality of sensing elements 114 to provide an
excitation signal 116. Each of the sensing elements 114 has
an output signal 118, ¢.g., an output of a response clement
associated with each sensing element 114, that 1s operably
clectrically coupled to a multiplexing circuit 120 having an
output operably electrically coupled to a processing circuit
122. The output signals 118 have a maximum value (voltage,
frequency, amperage, or the like) when a drive element
associated with a sensing element 114 1s immersed 1 a
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liquid. The output signals 118 have an on output less than the
maximum value when the drive element of the correspond-
ing sensing element 114 1s immersed 1 a flud.

The multiplexing circuit 120 polls the individual sensing
units 114 according to a predefined duty cycle, and provides
the output signals 118 to the processing circuit 122, accord-
ingly. The processing circuit 122 1s operable to determine
which of the sensing elements 114 are reporting a maximum
output value and which of the sensing elements 114 are
reporting an output value less than a maximum output value.
From this data, and being configured to know a physical
configuration of the sensing elements 114 within the liquid
level sensor 110, the processing circuit 122 has an output
124 indicative of a quantity of ligmid within a reservoir
within which the liqud level sensor 110 1s disposed. The
output 124 may be a value representing a level or height (h)
of the liguid within the reservoir. Alternatively, the output
124 may be a value representation a volume of fluid within
the reservoir. The output 124 1s coupled to a commumnication
interface 126, from which 1t may be communicated by
conventional wired or wireless techniques to one or more
controllers, mnstruments or displays within a vehicle.

FIG. 8 depicts a third exemplary embodiment of a liquad
level sensor 130. The liquid level sensor 130 includes a
signal generator module 132 that 1s operably electrically
coupled to a multiplexing circuit 134. The signal generator
module 132 provides one or more excitation signals 136 to
the demultiplexing circuit 134, which 1n turn, provides
excitation signals 138 to corresponding ones of a plurality of
sensing elements 140. Each of the sensing elements 140 has
an output signal 142, e.g., an output of a response clement
associated with each sensing element 140, that 1s operably
clectrically coupled to a multiplexing circuit 144 having an
output operably electrically coupled to a processing circuit
146. The output signals 142 have a maximum value (voltage,
frequency, amperage, or the like) when a drive element
associated with a sensing element 140 1s 1immersed 1 a
liquid. The output signals 142 have an output value less than
the maximum value when the drive element of the corre-
sponding sensing element 140 1s immersed 1n a flud.

The multiplexing circuit 144 polls the individual sensing
unmts 140 accordingly to predefined duty cycle, and provides
the output signals 142 to the processing circuit 146, accord-
ingly. The processing circuit 146 1s operable to determine
which of the sensing elements 140 are reporting a maximum
output value and which of the sensing elements 140 are
reporting an output value less than a maximum output value.
From this data, and being configured to know a physical
configuration of the sensing elements 140 within the liquid
level sensor 130, the processing circuit 146 has an output
148 indicative of a quantity of liqmd within a reservoir
within which the liquid level sensor 130 1s disposed. The
output 148 may be a value representing a level or height (h)
of the liquid within the reservoir. Alternatively, the output
148 may be a value representation a volume of tluid within
the reservoir. The output 148 1s coupled to a communication
interface 150, from which 1t may be communicated by
conventional wired or wireless techniques to one or more
controllers, mstruments or displays within a vehicle.

The liquid level sensors 90 and 110 in accordance with
exemplary embodiments advantageously provide a common
excitation signal simultaneously to each of the plurality of
sensing elements. Each sensing element 1s therefore excited
with each other sensor, allowing a fast reporting of the
quantity of liquid within a reservoir. The liqud level sensor
130, using an excitation signal multiplexer, provides sequen-
tial excitation of the sensing elements. In such an exemplary
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embodiment, the sensing elements may have diflerent reso-
nant frequencies as the signal generator may provide differ-
ent excitation signals 1n sequence. Also, because each sens-
ing element 1s not simultaneously excited, the power
requirements of the signal generator and processing circuits
may be reduced.

While at least one exemplary embodiment has been
presented 1n the foregoing detailed description, 1t should be
appreciated that a vast number of variations exist. It should
also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limait the scope, applicability, or configuration of
the disclosure 1n any way. Rather, the foregoing detailed
description will provide those skilled in the art with a
convenient road map for implementing the exemplary
embodiment or exemplary embodiments. It should be under-
stood that various changes can be made 1n the function and
arrangement of elements without departing from the scope
of the disclosure as set forth 1n the appended claims and the
legal equivalents thereof.

What 1s claimed 1s:

1. A liguid level sensor to sense a quantity of a liquid
within a reservoir, the liquid level sensor comprising:

a plurality of discrete sensing units disposed within the
reservoir, each of the plurality of discrete sensing units
having a response to an excitation signal to vibrate at a
resonant {requency when not immersed 1n the liquid
and to vibrate at a second frequency when immersed 1n
the liguid, each of the plurality of discrete sensing units
having an output, the output having a first value cor-
responding to the second frequency when the sensing
umt 1s 1mmersed n the liquid and a second value
corresponding to the resonant frequency, different from
the first value, when the sensing unit 1s not immersed
in the liquid;

a signal generator operably electrically coupled to each of
the plurality of discrete sensing units, the signal gen-
erator being operable to provide the excitation signal at
a frequency and amplitude to cause vibration to each of
the plurality of discrete sensing units such that the
output of a subset of the plurality of discrete sensing
umits immersed 1n the liquid corresponds to the first
value; and

wherein each of the plurality of discrete sensing units 1s
operable to provide the output responsive to the exci-
tation signal such that a quantity of the liquid within the
reservoilr 1s indicated by the subset of the plurality of
discrete sensing units having an output corresponding
to the first value.

2. The liqud level sensor of claim 1, wherein each sensing,

unit comprises a piezoelectric device.

3. The liquid level sensor of claim 2, wherein the exci-
tation signal 1s arranged to excite the piezoelectric device of
cach sensing unit to the resonant frequency.

4. The liquid level sensor of claim 1, the output of each
sensing unit being coupled to a processing circuit, the
processing circuit being configured to provide an output
indicative of the quantity of liquid in the reservorr.

5. The sensor of claim 1, the sensing units being arranged
within the reservoir to indicate a height of liquid within the
reservolr.

6. The sensor of claim 1, the output of each sensing unit
being coupled to a multiplexer, the multiplexer being con-
figured to couple the outputs to a processing circuit.

7. The sensor of claam 1, the signal generator being
operably, electrically coupled to a multiplexer, an output of
the multiplexer being coupled to each of the plurality of
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sensing devices such that the plurality of sensing devices are
sequentially provided the excitation signal.

8. The sensor of claim 7, the signal generator operable to
provide a plurality of excitation signals and wherein the
multiplexer 1s operable to operably electrically couple one of
the plurality of excitation signals to a corresponding one of
the plurality of sensing devices.

9. A vehicle comprising;:

a reservolr containing a quantity of liqud;

a liquid level sensor to sense the quantity of liquid within

the reservoir, the sensor comprising:

a plurality of discrete sensing units disposed within the
reservoir, each of the plurality of sensing units, each of
the plurality of sensing units responsive to an excitation
signal to vibrate at a resonant frequency when not
immersed 1 a liquid and to vibrate at a second fre-
quency when disposed within a liquid, each of the
plurality of sensing units having an output, the output
having a first value corresponding to the second ire-
quency when the sensing unit 1s immersed 1 a liquid
and a second value corresponding to the resonant
frequency, different from the first value, when the
sensing unit 1s not immersed 1n a liquid;

a signal generator operably electrically coupled to each of
the plurality of sensing units, the signal generator being
operable to provide the excitation signal at a frequency
and amplitude to cause vibration to each of the plurality
of sensing units such that the output of a subset of the
plurality of discrete sensing units immersed in the
liquid corresponds to the first value; and

wherein each of the plurality of sensing units 1s operable
to provide the output responsive to the excitation signal
signal such that a quantity of liquid within the reservoir
1s mndicated by the subset of the plurality of discrete
sensing units having an output corresponding to the
first value.

10. The vehicle of claim 9, wherein each sensing umnit
comprises a piezoelectric device, and the excitation signal 1s
arranged to excite the piezoelectric device of each sensing
unit to the resonant frequency.

11. The vehicle of claim 9, the output of each sensing unit
being coupled to a processing circuit, the processing circuit

having an output indicative of the quantity of the liguid in
the reservorr.

12. The vehicle of claim 11, the processing circuit being
operably electrically coupled to provide the output 1ndica-
tive ol the quantity of the liquid to a commumication
interface, the communication interface operable to commu-
nicate the quantity of liquid to a controller, instrument or
display of the vehicle.

13. The vehicle of claim 9, the sensing units being
arranged within the reservoir to indicate a height of the
liquid within the reservotr.

14. The vehicle of claim 9, the output each sensing unit
being coupled to a multiplexer, the multiplexer operable to
couple the outputs to a processing circuit.

15. The vehicle of claim 9, the signal generator being
operably, electrically coupled to a multiplexer, an output of
the multiplexer being coupled to each of the plurality of
sensing devices such that the plurality of sensing devices are
sequentially provided the excitation signal.

16. The vehicle of claim 15, the signal generator operable
to provide a plurality of excitation signals and wherein the
multiplexer 1s operable to couple operably electrically
couple one of the plurality of excitation signals to a corre-
sponding one of the plurality of sensing devices.
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17. A method of detecting a quantity of liquid contained
within a reservoir, the method comprising:
providing a plurality of sensing units arranged within the
reservolir;
exciting each sensing unit by an excitation signal at a
frequency and amplitude to cause vibration of the
sensing unit to provide an output corresponding to a
vibratory state of the sensing unit, wherein each output
has a first value corresponding to a non-resonant vibra-
tory state of the sensing unit when the sensing unit 1s
immersed 1n the liquid and a second value correspond-
ing to a resonant vibratory state of the sensing unit
when the sensing unit 1s not immersed 1n the liquid;
determining the quantity of hiquid within the reservoir
based upon a subset of the plurality of discrete sensing
units having an output corresponding to the first value.
18. The method of claim 17, wherein determining the
quantity of liquid within the reservoir comprises determin-
ing a level of the liquid within the reservorr.
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